Introduction
The objective of this paper is to describe the collaborative and distant optimization process, as applied to a ship design problem.
The specificity of this subject enters into the wider framework of concurrent engineering ͓1͔ and distant work, which are both essential elements in the modern product design process. In fact, the competitiveness of the market and the specificity of knowledge and required tools, push companies to distribute the design work. In order to maintain control throughout this fragmentation and to guarantee the continuity of the design process, companies need effective communication tools and must share software and product data.
The multiplicity of actors may arise within the same company, for example when a company is composed of several offices and work is organized on several sites ͑extended enterprises͒. Sometimes, multiplicity arises from collaboration with other companies ͑virtual enterprises͒ or subcontractors.
Currently the key to the collaborative and distant design process lies in the use of digital mock-up and product data management software ͑PDM͒ ͓2͔. These tools allow the different actors to participate in the collaborative definition of the product, showing its geometry, recording modifications, etc. In this context, the multi-objective and multidisciplinary optimization could offer a method for finding the optimum solution and at the same time, it could function as a framework for managing the collaborative design of the product. This paper proposes multi-objective optimization as a supplementary tool for collaborative design and shows the implementation of a distant and distributed optimization process. The shape optimization of a fast ferry hull is the real case that offered us the opportunity to test this new design approach. A detailed description of the implementation phase allows the specific needs to be identified in comparison with a traditional shape optimization.
The remainder of the paper is divided into four parts. In Sec. 1, we introduce the context in which our procedure is developed. In Sec. 2, we present our approach for managing distributed calculations. In Sec. 3, we apply this approach to the optimization of a ship hull and we describe the specificity of the procedure implementation and the results of the optimization. Section 4 contains our conclusions.
Context Description
The methodology proposed in this paper addresses the problems encountered in the distributed design of products.
The context in which we developed our procedure is described in Fig. 1 . Several companies may collaborate on the design of a product. Each company can be subdivided into several generic actors, which are classified as departments, offices or designers. Furthermore, each company has specific software. In this general situation the design of a product requires the action and input of the different actors and software in an extended enterprise. This kind of design procedure can be firstly identified as collaborative.
As outlined before, the most widely used solution is collaboration based on shared PDM and digital mock-up. In this case, every actor can interact with a shared representation of the product. Our methodology deals with more general issues, as it allows iterative and strong interactions among partners' software. The calculations on which the design is based follow a path among all partners. Therefore, our procedure has a distributed nature. Finally, our solution allows the leader of a design task to manage a part of the software resources of its partners. Thus, the calculations also have a remote nature.
The Distributed Applications
Using distant applications and accessing shared databases are the main elements of distributed work ͓3͔. Product design based on a collaborative approach has to use communication tools to manage the multidisciplinary nature and the site fragmentation of the actors.
We can classify these kind of tools according to the nature of the connection, i.e. synchronous or asynchronous ͓4͔. The first allows direct action on resources, for example a network meeting or a remote computer access. The second generally consists of a nonsimultaneous exchange of requests and answers. Synchronous work is more fitting for immediate information and exchanging ideas as well as being more powerful for using remote resources. However, it requires structures, standardization and more complex security management. For example, remote computer access requires the knowledge of IP addresses, the existence of specific accounts and security management for the connections. The problems linked to security are particularly sensitive if the computers do not communicate through an internal or dedicated network.
Currently several solutions exist, for example, using a VPN ͑Virtual Private Network͒ combined with computers external to company and allocated exclusively for collaboration with external partners ͓5͔.
This method is quite efficient but it does increase costs as machines must be supplied and software licenses bought for the actors in the different companies. For this reason, we propose a lighter method, which guarantees communication without requiring important changes in the companies' organization. In this manner, we were testing a simple asynchronous tool: Asydas ͑Asychronous Distributed Application System͒ in-house developed by Sirehna.
This software is made up of a Client side and a Server side. The Client application allows calculation requests to be sent to the Server via e-mail. The designer on the Client side can send e-mail specifying the Server's address, the name of the required calculation and the output files expected. He can also send files as attachments containing input data for the calculation process.
The Server application identifies the Client and verifies that they are authorised to launch the calculation. If the Client has permission, the Server automatically starts the calculation and sends the result files. Therefore, the Client does not directly access the Server's resources. The effect of his request is limited to a well-defined action. The scripts, which launch the calculations, are written and executed by the Server who maintains a complete control over his resources. A possible intruder simulating the Client process could only obtain the execution of the authorized script. A further element of security is the electronic signature which guarantees that neither the content of the Client request nor the Server answer could be modified during the transfer.
This application provides access to analysis software installed on distant computers. Another advantage is its architecture. Because it is based on e-mail protocol, many of the communication difficulties generated by the firewalls used in different companies can be avoided. The application was made using Java, therefore its version is independent of the operating system. The installation is very easy and necessitates only a specific e-mail account.
A basic graphic user interface allows the designer to use this tool in an interactive manner. Nevertheless, the tool also works in batch mode without any human intervention. The designer on the Client side can easily write a shell script that automatically sends and receives a sequence of requests and answers. This feature is useful when performing a large number of calculations, as needed in the optimization process described below.
3 Case Study: Optimization of a Ship Hull 3.1 Description of the Experiment. The goal of the experiment is to verify the possibility of creating an optimization loop made up of distributed calculations. This experiment partly enters into the framework of the European project Flowmart 1 that aims to develop a design procedure for minimizing ship wash effects. The objective of the optimization is to modify the ship hull shape in order to reduce the waves created by the running vessel. The subject of this optimization is a real ship built by Chantiers de l'Atlantique Alstom. It is a NGV ͑Navire Grande Vitesse͒ named Corsaire 11000: a 100 meter mono-hull fast ferry with a capacity of 148 vehicles and a maximum speed of 40 knots.
The application of automatic optimization to the hydrodynamic ship design is not completely mature, but the interest in this subject is growing and several examples already exist ͓6-9͔. In this context, the novelty of our approach lies in the collaboration of distant partners.
Three partners were involved in this experiment and every one managed one step of the optimization chain using the appropriate software. Table 1 illustrates the task distribution:
To begin the optimization step the hull must be parameterized in such a way that the designer can modify the hull shape by changing the values of the geometric parameters. Section 3.2 gives details of the ship hull parameterization.
On their St. Nazaire site, the Chantiers de l'Atlantique use Napa software, which is specific to ship design and allows hulls to be drawn parametrically. For our project, they created a script that launches Napa and automatically generates the hull drawing using an ASCII file containing the shape parameters as input. When a hull drawing is completed, the same script generates the points that allow the hull cross-sections to be designed. These points can then be used to draw the mesh that defines the calculation domain for the hydrodynamic solver Shipflow. This application supplies information about the ship's performance while describing flow around the hull. With this tool the SSPA Company was able to perform the hydrodynamic calculations using computers at the Gothenburg site. Section 3.3 describes the calculation of the performance values.
The geometric parameters were associated with the performance values and this information was used by the optimizer modeFrontier in the search for the optimum solution. The company Sirehna managed the optimization process.
Each set of parameters identifying a new hull was considered as a multidimensional point in the design space. The optimization 1 The ''FLOWMART project'' ͑FAST LOW-WASH MARITIME TRANSPORTA-TION͒ is partly funded by the European Commission under the 4th Framework Program. The project was undertaken by a consortium of 11 partners having complimentary skills/expertise coming from 5 European countries. The partners are: FBM Marine Ltd., ALSTOM Leroux Naval, University of Strathclyde-Ship Stability Research Center, National Technical University of Athens-Ship Design Laboratory, Alpha Marine Ltd., Sirehna, SSPA Maritime Consulting AB, Marintek, Tjärnö Marine Biological Laboratory, Department of Marine Technology-University of Newcastle upon Tyne and LMG Marin AS. The main goal of the project is to develop guidelines and criteria to minimize the wash effects from High Speed Marine Vehicles ͑HSMV͒ and propose measures to limit their environmental impact. 
process evolved through an iterative evaluation of points. The optimiser analyzed the performance values of the last set of points and determined which new points would be calculated. The search progressively evolved, producing an improvement in the target performances. Section 3.5 describes the optimization algorithm and its implementation.
In this manner, we were able to identify three main actions which were repeated at each optimization step: the hull shape drawing made from new parameters, the performance values calculation and finally, the choice of new parameter sets aimed at improving the ship performance values. These tasks were assigned to the participants according to their availability and expertise.
The asynchronous and automatic connections between the three distant sites were managed by Asydas software provided by Sirehna. The data were exchanged by electronic mail according to the outline in Fig. 2 .
The open nature of modeFrontier and the simplicity of Asydas allowed us to integrate this communication tool to modeFrontier. This application thus simultaneously managed the optimization process and the exchange of the data. Figure 2 shows how Asydas integrated with modeFrontier functions as the Client for two distant Servers. Thus, after an initial adjustment phase, the optimization algorithm of modeFrontier was able to communicate with the distant applications and to perform a sequence of calculations without any human intervention. 
The Ship Hull Parameterization.
A geometric definition of the problem must be made to begin implementing the optimization process. The optimization algorithm must be able to find a relationship between the shape variations and the evolution of performance values. Thus, a controlled modification of the original ship's hull shape is required.
Since the vessel was being built by the Chantiers de l'Atlantique, they proposed the parameters for managing the hull's deformations. The original shape was modelled with 18 parameters that define the general shape of the parts of the hull that they were most interested in studying in terms of the wash generated ͑Fig. 3͒. Table 2 shows the parameters, the boundaries and the reciprocal relationships.
The choice of parameters is of paramount importance since it is the equivalent to defining the mathematical model of the optimization problem. Parameterization corresponds to the link between the physical domain and the mathematical model. The generated solutions will largely depend on the parameters chosen since they define the nature and the dimensions of the research space.
Nevertheless, the input from the Chantiers de l'Atlantique was particularly ''geometric'' and did not completely take into account the mathematical aspect of the optimization technique ͓10͔. For this reason, we kept the parameterization proposed by the Chantiers de l'Atlantique, but we added some modifications in order to make it more manageable for the optimizer and for the solver.
In order to extend the design space around the original ship hull and cover the feasible shapes domain, the initially proposed parameters had wider boundaries. Unfortunately, a parameterization with very wide boundaries produces too many nonfeasible configurations, i.e. hull shapes for which performances cannot be calculated by the solvers.
The flow calculations required a mesh to be adapted in function of the parametric evolution of the ship hull and thus large variations of the hull parameters could produce twisted meshes.
For these reasons, the initial parameterization had to progress through rather short variations ͑5%͒ around the initial values that described the original ship hull. After a first optimization, the 2 Human intervention was necessary only in the case of interruption due to power outage, e-mail server problems, etc. designer was able to refine the solution. The variables that didn't change much could be fixed and the boundaries of variables that strongly migrated towards the limits could be widened. Table 2 shows that the limits of several variables were assigned according to other parameters. This strategy allows us to solve the coherence problems in the domain of the objective functions. In fact, if all variables are kept independent, there will be notcalculable zones in the design domain ͑for example zones containing nonphysical or nonfeasible ship hulls͒.
The choice of dependence between certain variables furnishes the optimization algorithm with a compact and homogenous design domain. However, the relationship between the objective functions and variables becomes more complicated and difficulties during the optimization task could increase. Therefore, this solution is not recommended if calculations are very quick 3 or if the objective functions are already complicated.
Our problem required evaluations lasting more than 30 minutes and objective functions presenting no sharp bumps.
4 Therefore, we preferred to increase the homogeneity of the design domain despite the increase in objective function complexity generated. This choice of parameters was based on generic analysis, but it was particularly suited to our distant optimization, as it allowed us to reduce the number of failed evaluations.
Because of the distant nature of our procedure we had to adopt robust solutions in order to limit interruptions in calculation chain as much as possible.
3.3
The Evaluation of Performances. First, the nature of our specific optimization task and, in particular, the ship performances that we aimed to improve, had to be expounded. The optimization problem was set as multi-objective: we Progressively modified the hull shape in order to simultaneously reduce two objective functions. In addition, the optimization had to respect the constraints on the transom stern surface area value ͑TSA͒, displacement volume value ٌ͑͒ and hydrostatic stability criterion ͑GM͒. We formalized the optimization problem as follows: 
where x 1 , . . . ,x n were the design variables describing the ship's hull shape. The two objective functions were the total resistance ( f 1 ) and the ''Wave Wash Effect'' ( f 2 ) that provided an indication on the energy of the wave system created by the ship's displacement.
We considered the total resistance as the sum of the resistance due to the waves system and the viscous resistance reduced to simple friction resistance without a shape coefficient. So the first objective function was:
where S was the wetted surface area in m 2 , V was the ship speed in m/s, R e was the Reynolds number and c w was the coefficient for wave resistance estimate. The evaluation of this objective function required the knowledge of S and c w values. In fact, they were dependent on the design variables x and no explicit expressions were available. Therefore, we calculated them using specific software. The wetted surface S was calculated by Napa that drew the ship hull and the wave coefficient c w was a result of flow calculation made by Shipflow.
Concerning the second objective function f 2 , the same flow solver allowed the wave profiles along the hull to be obtained. With these indications on the flow, we defined the second objective function. In other words, we had a function of the wave elevation (x,u) in terms of different values of u lying on an axe which was parallel to the movement direction and adjacent to the hull. In this manner, we were able to define the two-dimensional profile of the wave along the hull using the three-dimensional free surface elevation evaluated by the flow solver, as shown in Fig. 4 .
Without losing any generality, we defined the ''Wave Wash Effect'' criterion W using the following expression:
where u 1 , u 2 were the boundaries of the calculation field. The flow calculations were based on a nonlinear potential flow solution. The fluid domain was modelled with a panel method so that the free surface measuring half a ship length in front of the bow, six lengths behind the bow and one length in transverse direction, was assessed.
The calculation was made for an infinite depth, with a ship speed of 37 knots, and the ship digital model was free to trim.
Specificity and Implementation of Process.
The definition and the implementation of the calculation loop required a first period of adjustment. After the installation of Server applications on the partners' computers, it was necessary to decide the nature of the data to exchange. In order to guarantee full independence among used applications and to give partners freedom to accomplish their tasks, the information was exchanged in a format as elementary as possible.
The parameters that draw the ship hull were held in a simple ASCII file, with the name of parameter and its value on each line. 3 In this case, we could define very precisely the domain borders by increasing the density and number of calculated points. 4 As explained in Sec. 3.5, Response Surfaces were built using the calculated data. The ease of the data assimilation indicated that the objective functions were smooth. The hull shape was defined by the offset file in ASCII format containing the coordinates of each point in the hull cross-sections. Finally, the performances obtained after the evaluation of the flow were also exchanged in ASCII format. For example, the coordinates of the free surface points defined the profile of the wave generated by the ship. An initial effort was made to reduce the exchanged data to a basic form. Figure 5 gives an example of formats used and the corresponding data.
If the optimization process was local, i.e. with direct and easy access to the computers and software, we would have interfaced the applications to each other directly, using files with more evolved format. For example, the input file for the mesh creation could have been a Step, Iges or already in Napa format. In this situation the designer would be able to make all the necessary modifications for maintaining the interface between the applications. This is always critical even when one uses standard formats.
When the adjustment process is remote, it is more complicated, because the components of the calculation loop are less accessible and the configuration of applications is not clear to all partners. For example, if the Client detects errors in the Server output, they might not have the expertise or access to take direct action.
For these reasons, we exchanged neutral data, so errors were easily detected and communicated to partners. Furthermore, every actor kept responsibility and control of the data translation from the exchanged format to the one required by his software.
This procedure is general and can be applied to any problem that necessitates remote calculation loops. The only requirements are that the applications run in batch and that they can read and write data in ASCII format.
The set-up phase can be carried out with synchronous communication tools.
After defining the nature of the exchanged information, each partner created the necessary interfaces, then tested the file exchange and the automatic launch of applications. The two partners on the Server side only intervened during the adjustment of process phase. When the optimization process started the Client kept control of process progress and contacted partners for interventions when errors occurred or for comments on the results.
Optimization and Evolution of Data.
The optimization process is equivalent to searching for the new hull shape that will improve the target performance values of original ship hull. We chose as optimization algorithm the genetic algorithm ͑MOGA͒ ͓11-14͔ available in modeFrontier. The choice is especially motivated by robustness of this algorithm, that is an essential characteristic for our remote optimization. As we underlined before, our calculation chain is less reliable than a common local chain. There could be interruptions or delays in the communication thread, errors in calculation codes, power failures among partner's computers, etc. The genetic algorithm is able to manage failed evaluations without compromising the evolution of the optimization process. In fact, it does not use a gradient evaluation as path search criterion, therefore discontinuous points do not interrupt the search. The possible failed subjects are simply considered as nonfitting.
MOGA's search method also has two other very interesting aspects: it allows global solutions to be found and it especially guarantees an actual multi-objective optimization, where the Pareto frontier is defined in the end ͓15-17͔. Traditional optimization algorithms transform multi-objective problems into monoobjective ones using weighted sums of objective functions. Our research did not aim to find the best hull shape in these terms. In fact, our optimization algorithm tried to find the frontier of Pareto that was made up of all points that were not dominated by other ones. All the points of the frontier were equally fitting and the engineer had to choose one or more points from them according to successive criteria ͑for example, feasibility criterion͒.
Without losing any generality, we can explain the functioning of the genetic algorithm used. During the optimization process the algorithm evaluates successive populations of design points. Every new population contains individuals that result from the evolution of the preceding generations. The evolution is led by selection-reproduction ͑cross-over reproduction͒ and by selection-mutation 5 processes. The genetic algorithm manages the points that do not respect the constraints and penalizes them proportionally according to their error level.
Initially a first group of hull shapes was evaluated to start the optimization process. This first population had to provide the initial information about the design space's nature. A simple random generator chose the first individuals. The dimension of the populations was set to 40 individuals. 6 In order to reduce the CPU time, we evaluated the flow only if the ship hull respected the geometric constraints on the displacement volume, GM and stern surface area. Therefore, among the configurations drawn by Chantiers de l'Atlantique, we only sent SSPA's solver the hull shapes that respected constraints. Thus, several ship hulls were not completely evaluated and there resulted a certain lack of information about the performances of hulls that did not respect the constraints. In order to fill-in the data on performance functions, we extrapolated missing values using response surface. Figure 6 shows how the constraints and errors were managed.
Information about the design space given by the ship hulls that do not respect the limits is no less important than that of other hulls. Nevertheless, the algorithm penalises incorrect hull shapes by modifying their performance values. This is to say that accurate performance values for those hull shapes are not necessary. For this reason, all incorrect hull shapes were preserved and their objective function values were extrapolated. Only the first population was completely calculated because the design space had to be explored more widely and input data for the first building of the response surfaces were needed.
In order to further reduce the calculation time, we also used 5 The steady reproduction probability was 0.05%, the directional cross-over probability was 50%, the best individuals were saved during evolution and the mutation probability was 1%. 6 The recommended dimension was greater than twice the objective number times the variable number. We assumed that our two objectives did not conflict very much, therefore, the dimension of our population was slightly more than two times the variable number ͓12͔. The use of response surfaces was also very appropriate considering the specific distant nature of our optimization. In fact, after every generation we were able to fill-in the discontinuities in the design domain that arose from failed evaluations. Using this reconstruction by extrapolation procedure, the ship hulls that failed for any reason nonrelated to a shape problem were not excessively penalized. During a local optimization it is preferable to verify all failed cases and recalculate them if not due to bad shapes. In our distant configuration, a finer adjustment process would have required too much time. We simplified our procedure by substituting problematic points for virtual points.
As response surfaces, we used the Gaussian Process ͓18͔ for the objective functions and the Kriging Method ͓12͔ for the constraint functions. The first method is very suited to extrapolation purposes because it uses an internal optimization algorithm for reducing extrapolation errors, besides it allows nonpolynomial responses, so the extrapolated functions can have an unknown nature. Concerning the choice of the Kriging Method, we calculated the constraint functions of 60% of the points and these data did not have a direct influence on the choices of the algorithm during the optimization. This response surface was just used to store the large number of available data points and to output them as extrapolations. For these tasks the Kriging algorithm was the best suited.
3.6 Results. The optimization process was configured in order to guarantee the robustness of the calculation chain rather than its skill in searching for optimum solutions. Nevertheless, the optimization found very interesting results and required only four generations. The quality of the optimization search was not penalised by our careful choices.
The performed evaluations allowed us to establish a general tendency and to define the influence of each parameter on performance values. Furthermore, the total resistance was reduced by 10.8% and the Wave Wash Effect by 7.5% compared with performances of the original ship hull.
The frontier of Pareto was very short, since the two objectives did not conflict very much. Figure 7 shows that the points which placed more importance on opposite objectives were very close together.
The evolution of the optimization process can be summarized in three stages. Initially individuals were randomly chosen and we observed that several constraints ͑in particular the GM͒ were not respected ͑top left zone of nonfeasible real points in Fig. 7͒ and that the data spread in all directions. The second and third generation began improvement by varying the parameter values. This search quite visibly tended to produce hull shapes with small displacement volume. Often the lower limit of this constraint was not respected. Finally, although the original hull was still ranked among the points with high performances, the last generation contained individuals with better performances. Table 3 lists the statistics of this optimization process.
After achieving these results, we analyzed the evolution of the design variables in order to capitalise on the acquired information. We did a sensibility analysis using the t-Student method. This statistical tool determines whether there is a relationship between the objective functions and the design variables. Figure 8 shows the t-Student analysis diagrams.
The Significance parameter can statistically test each generic design variable and indicate whether there is a relationship between it and the objective function. This parameter indicates the statistical reliability of the relationship within the data set.
On the other hand, the Delta parameter shows how strong a relationship is. A Delta parameter greater than zero shows a direct relationship with the design variable, a value less than zero indicates that the relationship is inverse. This parameter creates a 7 We made the flow evaluations during the night, so, because each calculation required 35 minutes, we could only evaluate 24 individuals per night, this accounts for the 60% of one generation. The most time-expensive task was the hydrodynamic calculation and we performed it on a Compaq ds20 Alpha dual processor machine. ranked list of the important factors. Low value parameters indicate that there is no relationship between the variable and performance, so it would probably be possible to ignore these variables in the following analysis.
We can see that the relationship between the TAR variable and the performance Rt is very reliable and strong. On the other hand, the relationship between that variable and the Wash performance is inverse and less reliable. Figure 8 shows that the relationships are more reliable in the left diagram ͑total resistance͒ than in the right one ͑wash effect͒. In fact, only two design variables have a Significance value less than 50% in the Rt diagram ͑FP and BICM͒. In the Wash diagram eleven variables have no reliable relationships. Three explanations are possible:
-the mesh or the flow solver was better suited for the resistance evaluation than for the wave profile estimation, -the Wash criterion that we defined didn't describe the physical phenomenon clearly enough, -the Wash objective function was more complicated than that of the total resistance and the size of the data set was not big enough to describe it.
Another interesting observation we can make from Fig. 8 concerns the direction of the relationships. In fact, there are many variables that have opposite effects on the performance values ͑BMAX, TAR, BWLA, etc.͒. It is possible that the two objective functions were more conflicting than is suggested by the short Pareto frontier shown in Fig. 7 . Maybe, the uncertainty of the Wash objective reduces the possibility of finding solutions which result in extreme Wash improvements. For this reason, the Wash criterion was not judged completely satisfactory. Nevertheless, it can be replaced with a better one when available and this substitution does not require changing the structure of our distributed optimization method.
In the framework of the FLOWMART project we had to choose one ship hull for model tests in order to verify whether there was real improvement in performance values. The Chantiers de l'Atlantique analyzed the results and chose the ship hull 151. This solution had interesting geometric characteristics and high performance values, as well as displacement volume very similar to the original hull. The functionality loads for both were thus the same. Figure 9 shows the shapes, the performance values and the pressure distributions on the bow of two points of the Pareto frontier and the original ship hull.
Before the model tests, the Chantiers de l'Atlantique smoothed ship hull 151 and slightly modified its shape in order to make easier connections with the superstructures.
The model experiments were carried out in Denny Ship model Tank of the University of Strathclyde in Glasgow and confirmed the improvement of performance. The analysis of the differences between numerical and model test results goes beyond the scope of our paper. Thus, we briefly resume in Table 4 3.7 Difficulties During Implementation. In the future, we must take into account the most problematic conditions that we met during the functioning and implementation of the optimization loop. The point that generated the most delays was the configuration of the Server application. More exactly, creating scripts that start applications in batch mode was difficult. In fact, the common difficulty in creating batch scripts was increased by the fact that Asydas works with temporary files and their paths were not always clear for the partners.
Opening the e-mail accounts can also be a problem if the rules and regulations of the company are very strict ͑for example, it may only allow one e-mail account per worker͒.
The final problematic point was the robustness of the calculation applications. In fact, varying parameters can create shapes that are not always well managed by software. This is a common problem in all optimization processes, but the distributed nature of our calculations increased the consequences of the failed designs. In our mind, a standard procedure to test the software stability must be set up and verified before starting the calculation loop.
Designers have to be able to detect and manage every kind of possible failure in order to maintain the calculation loop's continuity and to allow the execution of successive calculations. For example, anomalies in calculations could generate empty files that the security system of partner's company could see as a virus. For this reason, all possible signs of anomalous functioning must be identified and filters or appropriate action must be foreseen. 
Conclusions
The multi-objective optimization of the complete hull shape of a fast ferry intrinsically contains elements of novelty and interest, especially if we take into account the very positive results that were obtained with such a limited number of generations. The most innovative aspect of this research however, arises from the distribution of calculations. We believe that, if we had continued the optimization process, incorporating parameterization refinements, we could have achieved better solutions. Nevertheless, the main objective of this research was both to show that a distributed optimization process was possible and to outline its characteristics. In these respects we are very pleased with the experiment. Through it we were able to identify some real advantages of using such a design procedure: -application software used by partners doesn't have to be changed in machines, in licenses or in utilization methods, -the method is completely general and can be applied to other problems requiring one or more evaluations made up of multiple applications,
-the method only requires access to an e-mail account and therefore is not constraining in terms of security management.
